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V© (54) Title: METHOD OF PREPARING ZINC ALLOY FOIL 

^ (57) Abstract: A method of preparing a foil of an alloy of zinc with at least one additive metal that causes brittleness in zinc is 
provided, which comprises providing the alloy with a fine, equiaxed, noncolumnar grain microstructure in which secondary phases 

g comprising the additive metal are isotropically distributed, and rolling the alloy to a foil. The additive is preferably selected from 
bismuth, indium and calcium, optionally together with aluminium. Also provided is foil of the zinc alloy having the specified mi- 

O crostructure, and electrochemical cells comprising an electrode formed of the foil. The method allows foil of the zinc alloy to be 

J> produced that can be bent through small bend radii without cracking, the foil therefore being useful as electrode material for batteries, 

^ in particular spiral-wound electrodes for jelly roll batteries. 
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METHOD OF PREPARING ZINC ALLOY FOIL 

This invention relates to the production of zinc foil, in particular rolled foil of 
5 zinc alloyed with small amounts of additives that cause brittleness in zinc, such as 
bismuth, indium, calcium or combinations thereof, useful as electrode materials for 
alkaline electrochemical cells. More particularly, the invention relates to a method of 
preparing the rolled zinc alloy foil, and to rolled foil formed of these zinc alloys. 

1 0 Zinc metal is commonly used as the negative electrode (anode) material in 

alkaline cells. Typically, zinc in the form of powder is incorporated into a cell container 
together with alkaline electrolyte and a gelling agent to form an anode gel. In the past, 
heavy metals such as mercury were included in the anode gel as additives, either as 
separate components or as alloy metals with the zinc, in order to perform certain 

15 functions, for example to reduce or suppress gassing in the cell. More recently, due to 
environmental concerns, battery manufacturers have sought to reduce or eliminate heavy 
metals such as mercury and lead from batteries. Consequently, attention has focused on 
alternative measures to fulfil the roles previously carried out by mercury. For example, 
small amounts of additives such as bismuth, indium, aluminium and calcium have been 

20 alloyed with the zinc powder in order to control gassing. 

For certain types of battery applications, it is desirable to incorporate the 
negative electrode material in the cell in the form of a thin foil, for example in flat pack 
batteries, disc cells or spiral wound (Jelly roll') cells. 

25 

Thin rolled zinc metal foil may be produced by casting molten zinc in a mould 
and allowing the zinc to cool and solidify into an appropriately sized and shaped ingot, 
and successively passing the ingot between rollers under compression so as to reduce 
the thickness of the zinc at each pass, until a foil of the desired thickness has been 
30 obtained. Alternatively, cast zinc foil can be produced by casting molten zinc directly 
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onto a suitable substrate, such as the cylindrical surface of a drum rotating about its axis 
in the horizontal plane. The zinc sheet thus obtained may then optionally be further 
rolled to produce a more even surface or to further reduce its thickness. The foil can 
then be bent to the desired configuration, for example by winding around a mandrel into 
5 a spiral so as to form a coiled negative electrode for a jelly roll cell. 



Recently, interest has been expressed in producing batteries incorporating zinc 
foil that includes small amounts of additive metals alloyed with the zinc, such as 
bismuth, indium, calcium and aluminium. Of particular interest are zinc foil containing 
10 bismuth, indium and aluminium in combination, and zinc foil containing bismuth, 

indium and calcium in combination. However, until now, attempts to prepare these zinc 
alloys in the form of foil that is acceptable for use in batteries in practice have failed. 
Furthermore, it was generally not thought possible to prepare a foil of these alloys that 
would be of practical use for battery applications, for the reasons explained below. 

15 

Although zinc metal of battery grade purity or alloys of zinc with small amounts 
of lead, for example, are sufficiently workable to enable the cast metal to be reduced in 
thickness by rolling to form a foil in the manner described above, it was found that even 
small amounts of bismuth, indium or calcium as alloy metals in the zinc dramatically 
20 reduced the workability of the alloy. When a cast ingot or sheet of these alloys is rolled, 
hot or cold, it disintegrates due to cracking. Consequently, in practice, acceptable rolled 
foil of these zinc alloys could not be prepared to the desired thickness or with the 
desired mechanical properties by these methods. 



25 Furthermore, to be of practical use as an electrode component in a battery, it is 

generally necessary that the zinc foil is capable of being bent or flexed through a small 
bend radius. For example, to form a spiral-wound electrode for a cylindrical 'jelly roll' 
cell, the foil must be capable of being wound several times around a mandrel, the initial 
winding around the mandrel typically being about 2 to 3 mm in diameter for a AA-sized 

30 battery. For certain flat pack batteries that use a folded electrode, the foil must be 

folded back onto itself, for example into a concertina-like configuration, with each fold 
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incurring a high degree of bending. Thus, in practice, many typical electrode 
configurations that employ foil form electrode components require the foil to undergo a 
significant degree of bending or flexing to have any viable application in batteries. 



5 However, cast foil of zinc alloyed with bismuth, indium or calcium produced by 

a conventional method as described above was found to crack, and often fractured 
completely, when attempts were made to bend the foil to any practically useful degree 
for battery purposes. Therefore, the known methods for forming zinc alloy foil from 
cast metal are inadequate for preparing practically useful foil of alloys of zinc with 
1 0 bismuth, indium or calcium, for use as electrode components in batteries. 



It would, therefore, be desirable to be able to produce foil of zinc alloyed with 
small amounts of bismuth, indium or calcium, individually or in combination, by a 
method which results in less cracking of the alloy during its working, so as to provide a 
more acceptable foil. It would furthermore be desirable to be able to produce foil of 
these zinc alloys that is less susceptible to cracking or fracturing when subjected to 
bending or flexing. In particular, it would be desirable to be able to produce a rolled foil 
of these zinc alloys that can. in practice, be incorporated into batteries as an electrode 
component. 

We have now found, surprisingly, that it is possible to prepare a foil formed of 
zinc alloyed with bismuth, indium, calcium or a combination of these additive metals, 
by controlling the microstructure of the zinc alloy before the alloy is subjected to 
mechanical working in order to reduce its thickness. More specifically, what we have 
found is that a zinc alloy can be provided that is more workable during processing, and 
ultimately less susceptible to cracking or fracturing on bending, by ensuring that the 
alloy has a particular microstructure whereby the grains are relatively small, equiaxed 
and noncolumnar, and whereby secondary phases precipitated or segregated at grain 
boundaries and in interdendritic spaces due to the presence of the additive metals are 
more evenly and isotropically distributed throughout the alloy. 
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Accordingly, in a first aspect, the present invention provides a method of 
preparing a foil of an alloy of zinc with at least one additive that causes brittleness in 
zinc, which comprises providing the alloy with a fine, equiaxed, noncolumnar grain 
microstructure in which secondary phases comprising the additive metal are 
5 isotropically distributed, and rolling the alloy to a foil. Preferably, the additive is 

selected from bismuth, indium and calcium, or combinations thereof, optionally together 
with aluminium. 

In a second aspect, the present invention provides a foil of an alloy of zinc with 
0 at least one additive metal selected from bismuth, indium and calcium, optionally 
together with aluminium, the alloy having a fine, equiaxed, noncolumnar grain 
microstructure in which secondary phases comprising the additive metal are 
isotropically distributed. 

As mentioned above, rolled zinc metal foil can be produced by casting molten 
zinc in the form of an ingot and subjecting the ingot to rolling to reduce its thickness to 
a desired foil thickness. However, when this process is attempted with zinc alloyed with 
bismuth, indium or calcium or their mixed alloys, it is found that the cast ingot is too 
brittle to be rolled, resulting in cracking. Furthermore, bending of the foil is likely to 
cause further cracking and fracturing. 

Alternatively, zinc metal foil can be produced by casting molten zinc directly 
onto a suitable surface, such that the zinc spreads over the surface and solidifies to a 
thickness of typically 0.15 mm or more. The cast foil thus obtained has a relatively 
uneven surface. In practice, the cast foil is used in this condition without further 
working to smooth the surface but, if desired, could be calendered or rolled to even the 
surface or to further thin the foil. The cast zinc metal foil may be bent. However, with 
zinc alloyed with bismuth, indium or calcium or their mixed alloys, the cast foil is too 
brittle to be bent to a tight radius and attempts to bend the foil result in cracking or 
fracturing. The cast zinc alloy foil may also be too brittle to be evened or thinned by 
calendering or rolling, resulting in cracking. 
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This phenomenon may be explained in terms of the microstructure of cast zinc. 
When molten zinc cools and solidifies, large columnar grains crystallise in the direction 
of heat extraction towards the surface of the zinc. Thus, in cast zinc foil, columnar 
grains of zinc are oriented across the thickness of the foil, perpendicular to the surface 
on which the zinc is cast. Similarly, in zinc ingots formed by casting molten zinc in a 
mould, large columnar grains are crystallised perpendicular to the surfaces contacting 
the mould. Because of the relatively large grain size, there is an associated low grain 
boundary surface area. 

During the solidification of ingots of zinc alloy compositions with Bi, In and Ca, 
precipitates of Bi, In and Ca in planes within the grains and at grain boundaries cause 
brittleness. These planes are directional, being parallel to the direction of heat 
extraction and therefore perpendicular to the top and bottom faces of the ingot. 
Increasing the concentration of Bi or In exacerbates this condition because of the 
formation of a low melting point eutectic phase. 



Thus, secondary phases of these metals and their intermetallic compounds are 
concentrated at grain boundaries and in interdendritic spaces in the solid cast product. 

20 The low grain boundary surface area associated with the columnar microstructure of cast 
zinc increases the concentration of secondary phases at the grain boundaries. These 
concentrated secondary phases, aligned in planes of weakness perpendicular to the top 
and bottom faces of the ingot, represent areas of brittleness or weakness which 
ultimately can lead to cracking when the zinc alloy is subsequently mechanically 

25 worked, for example by rolling. 



Furthermore, eutectic secondary phases due to the presence of the alloy metals in 
zinc decrease the lower limit of the "hot shortness" temperature range (defined as the 
hot forming temperature range in which the metal exhibits brittleness), so that the 
30 maximum temperature below which the metal can safely be worked without cracking is 
reduced. For example, for zinc alloys of lead (Pb), the presence of 0.08 % Pb results in 
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a hot shortness temperature range of 300 to 419 °C, whereas 0.3 % Pb produces a hot 
shortness range of 275 to 419 °C. In cast zinc alloys with bismuth, indium or calcium, 
the hot shortness temperature range is such that working of the metal cannot be effected 
safely either at hot or cold temperatures (e.g. below 100 °C). 

5 

We have found that it is possible to safely work zinc alloyed with bismuth, 
indium or calcium by ensuring that the secondary phase precipitations due to the 
presence of the alloy metals are more randomly oriented and more uniformly distributed 
within the solid metal body before the metal body is subjected to mechanical working. 

10 

This has been achieved by providing a metal body in which the grain 
microstructure is relatively fine, equiaxed and noncolumnar. as compared with the large 
sized, columnar grain microstructure typically obtained in cast zinc metal. 



1 5 By ensuring a finer grain structure, and consequently a larger average grain 

surface area, the precipitations of secondary phases along grain boundaries are more 
homogeneously distributed within the bulk metal body that is to be subjected to 
working. Furthermore, by providing a more randomly oriented segregation or 
precipitation of the secondary phases, planes of weakness which can cause brittleness 

20 are reduced. Consequently, a less brittle and more workable metal body is obtained that 
can be formed into a thin foil without unacceptable degrees of cracking. 

Thus, the method of the present invention provides a benefit in refining of the 
grain size to increase the grain boundary surface area, thereby reducing the 
25 concentration of these secondary phases at grain boundaries. The method further 

provides a second, associated benefit in reorienting the planes of the secondary phase 
precipitates isotropically. 



According to a first embodiment, the requisite structure is provided in a cast zinc 
30 alloy ingot by vibrating the cast molten metal in the mould during solidification such 
that dendrites growing in the solidifying metal are broken. By disrupting the growth of 
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these dendrites, the broken dendrites can act as nuclei for further dendrite growth and. at 
the same time, for crystallisation of grains. Consequently, the metal crystallises to a 
finer, more equiaxed. and noncolumnar grain microstructure as compared to a 
conventionally cast ingot. Moreover, the segregation of secondary phases at grain 
5 boundaries and in interdendritic spaces is more uniformly distributed and more 
randomly oriented throughout the body of the cast ingot. 

In an alternative first embodiment, instead of casting the zinc alloy in the form of 
an ingot, a zinc alloy sheet is cast directly from molten zinc alloy onto a flat mould 
10 surface, and the surface and cast metal are vibrated during solidification of the metal 
such that dendrite growth is interrupted by the vibrations. The sheet may then, if 
necessary, be subjected to calendering or rolling in order to reduce its thickness to the 
desired foil thickness. 

15 The zinc alloy is melted and cast, typically at a casting temperature of 500 °C. in 

a mould that is preferably preheated to 200-350 °C, for example 250-300 °C. 
Vibrations may be applied by vibrating the mould, preferably vertically, at an amplitude, 
frequency and for a duration chosen such that dendrites are broken in the alloy as the 
alloy solidifies, the vibrations being initiated immediately prior to dispensing the molten 

20 alloy into the mould in order to ensure immediate disruption of dendrites when the zinc 
alloy is first cast. Any appropriate means can be used in order to apply the vibrations, 
for example mechanical or ultrasonic means. 

Suitably, vibrations of an amplitude of 0.2-0.4 mm and frequency of 50 Hz are 
25 applied for a duration of about 1 0 seconds, dependant on ingot size. It will be 
appreciated that other appropriate combinations of amplitudes, frequencies and 
durations may be applied provided that the vibrations are effective to disrupt dendritic 
growth during solidification of the alloy. However, we prefer that the vibration 
amplitude should not exceed 0.4 mm, as greater amplitudes tend to produce 
30 discontinuities in the cast ingot or sheet. Similarly, we prefer that the vibration 
frequency should not exceed 300 Hz to reduce the likelihood of discontinuities 
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occurring. A suitable vibration frequency is 50 Hz, as this frequency allows satisfactory 
grain refinement and secondary phase dispersal to be achieved without discontinuities, 
and is convenient being the mains frequency. We also prefer that the vibration duration 
is such that the vibrations stop before the ingot solidifies completely, in order to reduce 
5 the likelihood of discontinuities being formed. Suitably, the vibration duration is 
selected as half the time taken for complete solidification without vibration. 

In a second embodiment, the bulk metal body to be subjected to mechanical 
working in order to produce a foil, is a compact of a powder of the zinc alloy. The 

10 compact may be produced by compressing powdered zinc alloy such that the zinc alloy 
particles form a cohesive body that can subsequently be subjected to mechanical 
working to form a foil. The pressure used to form the compact will preferably be 
sufficient that the zinc alloy particles bond together at contacts point or boundaries 
between adjacent particles, so as to undergo solid phase bonding. Usually, it will be 

15 unnecessary to subject the compact to heat treatment during its preparation. However, if 
desired, the compact may be sintered before it is subjected to mechanical working. In 
this case, preferred sintering temperatures are from 1 40 to 200 °C, for example about 
1 50 °C, at pressures of from 1 00 to 200 N/mm 2 . 

20 In this second embodiment, the grain size of the zinc alloy in the compact is 

determined primarily by the particle size of the powder used to prepare the compact. 
Preferably, powder of an average particle size in the range from 100 to 500 um is used, 
more preferably from 1 50 to 250 (am. and most preferably from 1 80 to 200 um. 

25 Suitably, the powder has a particle size distribution as follows (percentages by weight): 



0-75 um 



2-20%, preferably 5-10% 
20-60%, preferably 25-50% 
25-55%, preferably 30-45% 

5-35%, preferably 10-30%. 



75-150 um 
150-250 um 
250-500 um 



30 



For example, a suitable BilnCa zinc alloy powder has the particle size distribution: 
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0-75 um - 7.5% 

75-150 um - 27.5% 

150-250 um - 40.0 % 

250-500 um - 25.0% 

A suitable BilnAl zinc alloy powder has, for example, the particle size distribution: 
0-75 um - 7.5% 
75-150 Mm - 45.5% 
150-250 um - 35.0% 
250-500 um - 12.0% 

Because the powder particles will be randomly oriented in the compact, and in 
any case the grains within each particle will be present in all orientations, the grain 
orientation throughout the compact is isotropic. Consequently, secondary phases due to 
alloy metals precipitated at grain boundaries in the powder particles will also be 
segregated isotropically in the bulk of the compact. Furthermore, by using small sized 
zinc alloy powder particles in the compact, the grain microstructure is fine, equiaxed 
and noncolumnar in the compact. Thus, any secondary phase precipitations at grain 
boundaries will be uniformly distributed in the body of the compact. 

Therefore, it will be appreciated that in accordance with the present invention 
any method can be used to ensure that the zinc alloy body that is used to form the zinc 
alloy foil has a grain microstructure that is fine, equiaxed and noncolumnar, as 
compared the zinc alloy when cast by a conventional method. Thus, the provision of a 
cast zinc alloy ingot or sheet that has been subjected to vibration during its 
solidification, and of a compact of powdered zinc alloy, represent preferred methods to 
this effect. As used herein, by "isotropically distributed" is meant that the distribution 
of secondary phases in the zinc alloy body is more uniform and the orientation of the 
secondary phases more random as compared with the distribution and orientation of 
secondary phases in zinc alloy bodies of the same composition that are formed primarily 
of columnar grains. 
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We prefer that the zinc alloy body prior to mechanical working is provided with 
a grain microstructure of an average grain size no more than about 0.2 mm, preferably 
less than 150 urn, generally in the range from 1 to 100 um, more preferably from 3 to 50 
5 jim, more preferably still from 5 to 20 um, and most preferably about 1 0 um. By "grain 
size" as used herein is meant the average length of the longest dimension of the grains. 
After rolling, foils may be achieved that have an average grain size as low as 1.5 um. 

Having prepared a zinc alloy body that has the specified microstructure, such as 
1 0 an ingot or compact as described above, the body is then subjected to mechanical 

working in order to form a foil of the desired thickness. If the body was formed with 
substantially equal width and height dimensions, it will usually be preferable to form the 
body into a more flattened shape to facilitate further thickness reduction by rolling 
apparatus. Such initial flattening can for example be effected by unidirectional 
1 5 compression, preferably under warm compression under temperatures at which 

recrystallisation of the grains can occur. In order to reduce the likelihood of cracking at 
the edge of the body due to tensile stresses at the peripheral region, such initial 
flattening is preferably carried out in stages of less than 15 %, more preferably about 10 
%, thickness reduction, and the body is maintained at the recrystallisation temperature 
20 for a period of time between compression stages to allow recrystallisation of fine grains. 

The body is subjected to rolling to produce a foil of the desired thickness. 
Conventional rolling methods and apparatus known in the art for the production of 
metal foil may be used. The rolling conditions may be varied in accordance with 

25 conventional practice, provided that care is taken not to exceed the hot shortness 

temperature of the zinc alloy being rolled. In a preferred rolling method, the flattened 
zinc alloy ingot or compact is warm rolled, preferably at a temperature of from 80 to 
100 °C, under a compressive rolling pressure to undergo a thickness reduction of 
preferably from 10 to 20 % in a first rolling pass. Following the first rolling pass, the 

30 alloy sheet is maintained preferably at a temperature of from 80 to 100 °C to allow 
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grains to recrystallise. The procedure of rolling and recrystallisation may be repeated as 
often as required, until the desired thickness of foil has been reached. 

The desired thickness of foil will be determined by the end use of the foil. For 
5 most battery applications, it is preferred to produce a foil of a thickness of no more than 
0.5 mm, preferably in the range from 20 to 250 urn. preferably in the range from 50 to 
200 (am, more preferably from 80 to 125 um, and in particular about 100 um. 

The method according to the present invention allows foil of a thickness below 
10 1 50 um to be prepared that is free from cracking, except perhaps for slight cracking at 
the edges of the foil. Foil having a thickness as small as 20 urn is achievable in 
accordance with the present invention. Furthermore, it is possible to prepare foil in 
accordance with the present invention that can be bent without cracking or fracturing. 
Foil is achievable that does not crack or fracture when bent through bend radii of 1 mm 
15 or less, for example 0.5 mm or less, preferably 0.3 mm or less, and even 0.1 mm or less. 

It will be appreciated that the practical conditions used in the method of the 
present invention may be varied so as to produce zinc alloy foil having the desired 
thickness and bending tolerance according to the end use contemplated for the foil. 

20 

As used herein, the term "'additive' 7 refers to any metal or compound included or 
present in the zinc in an amount such that it is effective for the cell or other application 
for the foil, for example a metal such as bismuth, indium, calcium, aluminium or 
magnesium. The zinc alloy in accordance with the present invention comprises at least 

25 one additive metal selected from bismuth, indium and calcium. Optionally, the zinc 
alloy further comprises aluminium. Preferably, the zinc alloy is an alloy of zinc with 
bismuth, indium and aluminium, or an alloy of zinc with bismuth, indium and calcium. 
Most preferably, the zinc alloy is an alloy of zinc with bismuth, indium and aluminium. 
It will be appreciated, however, that the method according to the present invention is 

30 also applicable to alloys of zinc with other additive metals, for example magnesium, 
where such other additive metals would cause brittleness in conventionally cast zinc. 
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The zinc alloy used in accordance with the present invention may further 
comprise small amounts of impurities such as Hg. Pb, Fe, Cd, Cu. Ni, Cr. Sn, V, Al. As, 
Sb, Mo, Ge and ZnO, to the extent that these are not incompatible with the method of 
5 the present invention. However, preferably, the zinc alloy is free of mercury . Also, we 
prefer that the zinc alloy is free of lead. By "free of (metal M)'* is meant that the zinc 
alloy contains no added metal M. it being understood that trace impurities could be 
present. 

10 Preferably, the zinc alloy comprises less than 500 ppm of each additive metal, 

preferably from 50 to 500 ppm. more preferably from 80 to 300 ppm, and in particular 
from about 100 to about 250 ppm. of each additive metal. The total amount of the 
additive metals preferably should not exceed 1 500 ppm. more preferably 1 000 ppm, 
especially 700 ppm, and in particular 500 ppm. 

15 

In a preferred embodiment, the alloy consists of Bi (10-500 ppm). In (10-500 
ppm), Al (10-500 ppm), balance Zn and trace impurities, more preferably Bi (50-250 
ppm), In (100-300 ppm), Al (50-250 ppm), balance Zn and trace impurities, and most 
preferably Bi (75-150 ppm), In (150-250 ppm). Al (75-150 ppm), balance Zn and trace 
20 impurities. 

In another preferred embodiment, the alloy consists of Bi (10-500 ppm). In (10- 
500 ppm), Ca (10-500 ppm), balance Zn and trace impurities, more preferably Bi (150- 
350 ppm), In (150-350 ppm), Ca (75-250 ppm), balance Zn and trace impurities, and 
25 most preferably Bi (200-300 ppm), In (200-300 ppm). Ca (125-200 ppm), balance Zn 
and trace impurities. 

The present invention may be further illustrated by reference to the following 
nonlimiting examples: 
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EXAMPLES: 
Example 1 : 

5 Foils were produced from powder compacts of Zn alloyed with Bi. In and Ca (Bi=250 
ppm; In=250 ppm; Ca=l 50 ppm) and Zn alloyed with Bi. In and Al (Bi=100 ppm; 
In=200 ppm; Al=100 ppm). The BilnCa zinc alloy powder used had a particle size 
distribution: 0-75 urn - 7.5% ; 75-150 urn - 27.5% ; 150-250 urn - 40.0 % ; 
250-500 urn - 25.0%. The BilnAl zinc alloy powder used had a particle size 
10 distribution: 0-75 urn - 7.5% ; 75-150 urn - 45.5% ; 150-250 urn - 35.0% ; 
250-500 urn- 12.0%: 

5 g of Zn alloy powder was cold compacted at a pressure of 1 1 5 Ntntn' 2 , to form a 
cylindrical compact body approximately 13 mm in diameter and 5 mm in thickness. 
1 5 The compact, unsintered, was warm compressed at 80- 1 00 °C to form a disc of 

approximately 1.5 mm thickness. The disc was progressively rolled in stages of 10-20 
% reduction in thickness, with intermediate heat recrystallisation treatments at 80-100 
°C for 5 min, to form a foil of a thickness of 1 00 um. 

20 The foils of BilnCa zinc alloy and BilnAl zinc alloy obtained were free from cracks, 

except for slight cracking at the edges. Both foils could be bent at least to a bend radius 
of 1 mm without cracking or fracturing. 

Example 2: 

25 

Foils were produced from cast ingots of Zn alloyed with Bi, In and Ca (Bi=250 ppm; 
In=250 ppm; Ca=150 ppm) and Zn alloyed with Bi. In and Al (Bi=100 ppm; In=200 
ppm; Al=100 ppm), as follows: 

30 Zn alloy was melted and cast at a casting temperature of 500 °C in a mould preheated to 
350 °C. The mould was mechanically vibrated at an amplitude of 0.4 mm and 
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frequency of 50 Hz for a duration of 10 seconds. The vibrations were initiated 
immediately prior to dispensing the molten Zn alloy into the mould to ensure the 
immediate disruption of dendrites when the zinc alloy was first cast. The Zn alloy 
solidified to an ingot approximately 30 mm width x 50 mm length x 6 mm thickness. 

5 

The ingots were found to have an equiaxed grain microstructure. with an average grain 
size of approximately 0.2 mm. Secondary phases were isotropically distributed at grain 
boundaries. 

1 0 The ingots were progressively rolled in stages of 10-20 % reduction in thickness, with 
intermediate heat recrystallisation treatments at 80-100 °C for 5 min. to form foil of a 
thickness of 120 (am. Foil as thin as 20 um was formed by folding over the 120 urn 
thick foil to form a quadruple layered foil, rolling to the layered foil to 80 um thickness 
and unfurling it to a single layer foil of 20 um thickness. 

15 

The foils of BilnCa zinc alloy and BilnAl zinc alloy obtained were free from cracks, 
except for slight cracking at the edges. Both foils could be bent at least to a bend radius 
of 1 mm without cracking or fracturing. Indeed, the foils did not crack even when 
subjected to a 180 degree (sharp crease) bend test. 

20 

Example 3 (comparative): 

Cast ingots were produced, of Zn alloyed with Bi, In and Ca (Bi=250 ppm; In=250 ppm; 
Ca=150 ppm) and Zn alloyed with Bi, In and Al (Bi=100 ppm; ln=200 ppm; Al=100 
25 ppm), as follows: 

Zn alloy was melted and cast at a casting temperature of 500 °C in a mould preheated to 
20 °C, without vibration, and allowed to cool to a solid. The Zn alloy solidified to an 
ingot approximately 30 mm width x 50 mm length x 6 mm thickness. 



6/5/2009, EAST Version: 2.3.0.3 



WO 00/77868 



PCT/GB00/02250 



15 

The ingots were found to have a columnar grain microstructure, with grain sizes of 
approximately 3 mm. Secondary phases were observed in parallel planes within grains 
at interdendritic boundaries. The microstructure was unsatisfactory for subsequent 
rolling. 
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CLAIMS: 

1. A method of preparing a foil of an alloy of zinc with at least one additive that 
causes brittleness in zinc, which comprises providing the alloy with a fine, equiaxed. 

5 noncolumnar grain microstructure in which secondary phases comprising the additive 
metal are isotropically distributed, and rolling the alloy to a foil. 

2. A method according to claim 1. wherein the additive is a metal selected from 
bismuth, indium and calcium, optionally together with aluminium. 

10 

3. A method according to claim 1 or claim 2, which comprises casting an ingot or 
sheet of the alloy or forming a powder compact of the alloy, such that the alloy has a 
fine, equiaxed, noncolumnar grain microstructure and secondary phases comprising the 
additive metal are distributed isotropically throughout the ingot, sheet or compact, and 

1 5 rolling the ingot, sheet or compact into a foil. 

4. A method according to claim 3. wherein the alloy is cast to an ingot or sheet and 
the alloy is subjected to vibration during casting such that dendritic growth during 
solidification is interrupted, whereby dendrites are broken and act as nuclei for equiaxed 

20 grain growth. 

5. A method according to claim 3. wherein the alloy is formed into a powder 
compact by compressing a powder of the alloy such that the powder particles are bonded 
together to form a cohesive body. 

25 

6. A method according to any preceding claim, wherein the fine grain 
microstructure is of an average grain size in the range from 5 to 20 urn. 

7. A method according to any preceding claim, wherein the zinc alloy is of 
30 bismuth, indium and aluminium. 
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8. A method according to any preceding claim, wherein the zinc alloy comprises 
from 50 to 500 ppm of additive metal. 

9. A method according to any preceding claim, wherein the zinc alloy is free of 
5 mercury. 

10. A method according to any preceding claim, wherein the zinc alloy is free of 
lead. 

10 11. A method according to any preceding claim, wherein the alloy is rolled to a foil 
thickness of from 20 to 250 um. 

12. A method according to any preceding claim, further comprising bending the foil 
through a bend radius of 1 mm or less. 

15 

13. A foil of an alloy of zinc with at least one additive metal selected from bismuth, 
indium and calcium, optionally together with aluminium, the alloy having a fine, 
equiaxed, noncolumnar grain microstructure in which secondary phases comprising the 
additive metal are isotropically distributed. 

20 

14. A foil according to claim 13, wherein the fine grain microstructure is of an 
average grain size in the range from 1 .5 to 20 um. 

15. A foil according to claim 13 or claim 14, wherein the foil has a thickness of from 
25 20 to 250 um. 

16. A foil according to any of claims 13 to 15. wherein the foil is bent through a 
bend radius of 1 mm or less. 

30 17. An electrochemical cell comprising an electrode formed of a foil according to 
any of claims 13 to 16. 
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